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Outline of presentation

Introduction to Phenotypic flexibility

One size fits all: added value of Phenotypic Flexibility

Responders vs Non-responders: the example from Nutritech

Towards Precision Nutrition: the example from Cordioprev

Biomarker-guided 

intervention

Intervention a
Intervention b

Intervention c

Two Precision Nutrition Initiatives: Habit and PhenFlex-2
N=1



The two TNO pillars: systems & flexibility 

1 – HEALTH IS A SYSTEM 2 – HEALTH IS RESILIENCE

From care to cure: reversible diseases

Prevention & wellbeing: precision nutrition



Phenotypic flexibility: next generation biomarker for health!
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Genes Nutr (2015), 10:13

Phenflex challenge test:
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Blood sampling at multiple time 

points after challenge, 

up to 10 hours
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Time course studies to monitor challenge test response

Measuring a total of ~150 different markers representing 

~25 health related processes 



Genes Nutr. 2017;12:21

Genes Nutr. 2017;12:32



Age 20-29, L-N

Age 60-69, N-H

Age 30-59

LOW FAT%

NORMAL FAT%

HIGH FAT%
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Based on ~160 markers

Variation in phenotypic flexibility in healthy subjects



36 overweight male elevated CRP

5 weeks supplement mix

cross-over design

10 healthy male

before and after 4 weeks overfeeding 

(1300 kcal/day extra)

Bakker et al. Am J Clin Nutr. 2010; 91:1044-59.

Pellis et al. Metabolomics. 2012; 8(2):347-359.

Bouwman et al. BMC Med Gen. 2012; 6;5:1.

Kardinaal et al. FASEB J. 2015;29(11):4600-13.

First publications that showed health effect of nutritional 
intervention by using a challenge test 

18 MetS (male & female)

12 weeks HMUFA diet before and after

29 healthy overweight middle-aged men

double-blind crossover study

effects of 4 wk high flavonol chocolate (HFC) 

vs normal dark chocolate (NFC)

Esser et al. FASEB J. 

2014;28(3):1464-73

Cruz-Teno et al. Mol. Nutr. Food Res. 2012;56:854–865



FASEB J (2018) fj201800330R



n= 72 male and female

Study design



Two distinct ‘metabotypes’ were identified

n=34 in group A; n=36 in group B



Metabotype A is more flexible as compared to Metabotype B



The intervention was successful in terms of weight loss



Only inflexible subjects (group B) improved metabolic health!

TG GGT Uric acid



Blanco-Rojo, Diabetologia, Oct 2015

Type 2 (pre)diabetes subgroups react differently on different diets

Towards Precision Nutrition….

Low fat diet
Mediterrenean diet



This initiated two precision nutrition initiatives
from the perspective of phenotypic flexibility
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Precision nutrition in healthy range of US population1



Nutrition reviews

2017;75(8):579-599.



Prognostic Models

Multi-Layer
KnowledgeBase

Personalized Advice

Literature Mining & 
Knowledge Capture

Data Analysis & 
Visualization

All these elements together make
up TNO’s Nutritional Systems
Toolbox (NuSyBox). NuSyBox is the
core design engine that allows to
efficiently capture nutritional
knowledge substantiated by
literature, as well as to develop
science-based intelligent
algorithms that can be used to
provide personalized advice and
predictions



To demonstrate that a healthy or optimal diet in an intervention study can 

improve “metabolic age” and “metabolic stress”, which are composite 

biomarkers by quantifying phenotypic flexibility, within a healthy population. 

These composite markers validate previous findings from other intervention 

studies using phenotypic flexibility and could be the next generation 

biomarkers. 
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Study design PhenFlex-2 study

To show additional advantages of personalization / tailoring of dietary 

recommendations over general dietary recommendations. PhenFlex-2 delivers 

the scientific evidence that a healthy diet is beneficial for your health specially 

when this is tailored to the (nutritional) needs of a person. 
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N=1

1. It is personal

diagnosis intervention

biology behavior biology behavior

2. The intervention or advice is based on a 

diagnosis, i.e. my personal health data.

model

model

model

3. A (science based) model is used to 

translate diagnosis into advice

4. The model is tailored to specific conditions 

and goals from a large toolbox   

toolbox

Knowledge base

5. The toolbox is continuously and 

systematically updated with all relevant 

scientific knowledge

6. Exploit/use information from large numbers of 

personal health data

So how will nutrition look like in 10 years?  



Take home message

For diagnosis of health effects of nutrition we need resilience 

markers of health rather than biomarkers of disease

The PhenFlex challenge discriminates between different states of 

health and is superior to measurements in fasted state to quantify 

health effects of nutrition

Only subjects with reduced metabolic resilience in healthy range of 

population show improved health

Subgroups of DT2 patients have a personal response to nutritional 

interventions

In this way we can quantify subtle personal health effects of 

nutrition!
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